Abstract. Three multi-channel ultra wideband (UWB) radar structures that can detect and locate single human target is proposed. The target three-dimensional localization mathematical models of different antenna arrays are constructed. The feasibility and the accuracy of these systems are verified by computer simulation. The impact factors, such as the distance between transmit and receive antenna, the number of data's effective digits, and so on, are discussed. The results and conclusion in this paper can serve as reference for the research and development of target threedimensional localization life detection radar in the future.
Introduction
Life detection radar is a special novel radar that can penetrate non-metallic media [1, 2] to noncontact detect or monitor human physiological parameters (breathing, heart rate, etc.). It is combined with radar technology and biomedical engineering technology. This kind of radar can detect human subjects without electrodes, cables, sensors, and other connections, even can penetrate some media to find human target a certain distance away [3] [4] [5] [6] [7] [8] . Thereby, life detection radar is applied widely in the rescue mission, the civil sector, the military fields, and so on.
The increasingly requirements of rescue mission after disaster, non-contact medical monitor, national security, and some other important fields need more efficient and accurate life detection radar. However, the single-channel ultra wideband (UWB) radar can only obtain distance information of the object from radar. Two-dimensional localization of target is achieved by some multi-channel UWB radar, these information include distance and direction of human subject. Therefore, the requirements of current applications is still can't be satisfied with existing life detection radars fully. In this paper, the simulation study of the three-dimensional localization of single target using multi-channel UWB radar is performed. Through this work, we want to improve detection accuracy and efficiency of life detection radar and make it with more application potential and practical value.
Three multi-channel UWB radar systems that can detect single human target and conduct threedimensional localization is proposed. The detection and localization mathematical models are established. The feasibility and the accuracy of these multi-channel systems in three-dimensional localization are verified by computer simulation. The impact factors are discussed. Also, some results are listed and relevant conclusions are made.
Antenna Arrays for Single-target Three-dimensional Localization
Three spatial shape antenna arrays are proposed to conduct single-target three-dimensional localization. These antenna arrays are "inverted T-shaped antenna array," "triangular cone-shaped antenna array," and "L-shaped antenna array" (Figure 1 ) respectively. Each antenna array includes one transmitting antenna and three receiving antennas. The transmitting antenna is denoted by "0," and the three receiving antennas are denoted by "1-3" respectively. Each channel is constituted by the transmitting antenna and one receiving antenna, and three channels are included in each antenna array.
These antenna arrays are placed in the three-dimensional space Cartesian coordinates. The antenna array in figure 1(a) and (b) of these arrays is made of three channels, which mean three groups of transmit-receive antennas. The transmitting antenna of these two arrays is located at original point of the coordinate, and three receiving antennas are located at an axis equidistant far from the original point. The antenna array in figure 1 (c) is made of one transceiver antenna and two groups of separate transmit-receive antennas. The transceiver antenna can be treated as at the original point approximately because of the transmitting antenna and the receiving antenna are very close. The rest receiving antennas are located at the coordinate axis, and their distances from the original point are equivalent.
Using these three-channel antenna arrays mentioned above, three-dimensional localization of target stay at any point in the three-dimensional space (denoted by "P") can be achieved. 
Mathematical Model
On a flat surface, the position of target can be calculated by the travel distances of electromagnetic waves as follows: the waves are emitted by transmitting antenna and reach the target, then, reflected back before arrive the receiving antenna finally. The distance between Tx and target is S 0 (t), the distance between target and Rx1 is S 1 (t), the distance between target and Rx2 is S 2 (t). The waves are emitted from Tx and reach the target, then are reflected back to arrive Rx1 and Rx2. The time spent of each wave travel is τ 1 =(S 0 (t)+S 1 (t))/c and τ 2 =(S 0 (t)+S 2 (t))/c, where c denote the propagation speed of electromagnetic wave in a homogeneous medium. Two ellipses can be drawn according to τ 1 and τ 2 . The position of the target can be determined by the intersection of these two ellipses. Similarly in three-dimensional space, if the electromagnetic wave travel distance is known, an ellipsoid can be determined by the wave travel time and the distance of these separate transmitreceive antennas. A ball can be determined by the wave travel time and the distance of transceiver antenna. Thus, the detected target will be position at the surface of the ellipsoid or the sphere. Two different ellipsoids that are drawn according to two channels intersect at a curve, which passes through the ellipsoid or sphere according to the third channel. Therefore, there are two symmetric points determined at both two sides of the antenna array. The ellipsoidal or spherical equations associated with these channels can be figure out two solutions. Because of the target must be located at one side of the antenna array, one solution can be abandoned and rest one is the coordinates of the target.
Model of the Triangular Cone-shaped Antenna Array
The ellipsoid determined by the displacement from transmitting antenna 0-point of target P-receiving antenna 1 is projected to the flat surface ZOY to make an ellipse, which can be described as equation
where τ is the time used by radar wave from transmitting antenna to target to receiving antenna 1. The ellipse drawn according to equation (1) is made a Z-axis rotation around. The rotating ellipsoid determined by equation (2) is obtained: 
(2) Similarly, the other two ellipsoid equations can be drawn by the other two channels. An equation set will generated with simultaneous equations of these three ellipsoids. 
The solution of this equation set is the coordinates of the target position.
Model of the Inverted T-shaped Antenna Array
Similar to the modeling of the triangular cone-shaped antenna array, three ellipsoid equations can be determined by three channels, each with transmitting and receiving antennas separately. As the position of antenna 3 is changed, the third equation in this equation set (4) slightly different. 
The solution of equation set (4) can be used to determine the coordinates of the target position.
Model of the L-shaped Antenna Array
The L-shaped antenna array includes one transceiver antenna channel and two transmit-receiveseparate channel. To establish the L-shaped antenna array model, two ellipsoid equations and the sphericity equation according to different channels are obtained. 
Simulation and Analysis
Considering the real detection environment, the triangular cone-shaped antenna array is not appropriate for using in the actual application. The reasons are listed below. (1) Dielectric coupling antenna is used by life detection radar. If triangular cone-shaped antenna array was used, the transmitting antenna will be suspended and cannot contact to the surface of media (ruins, etc.) while antenna array is set up. Thus, the significant energy attenuation will be generated. (2) The volume of the antenna array is big and it is not convenient to storage and carry.
So, the inverted T-shaped array and L-shaped antenna array are researched, and the results of simulation are analyzed.
Because target three-dimensional localization of life detection radar has not been realized yet, the radar wave's travel time cannot be obtained precisely. Computer simulation is made to solve this problem. Firstly, the position coordinates of target for detection are assumed. The distance between the target and any antenna is calculated according to two spatial points distance equation. Then the radar wave travel distances which from transmitting antenna to target and continue to each receiving antenna can be figured out. Therefore, all parameters needed in the equations determined. Thus, the assumed target's coordinates can be obtained through solving the equation set. If any of the equation set's solutions is consistent with the assumed target position, the feasibility of this three-dimensional localization method is verified.
After plenty of data simulation, we find that error between coordinates of target's position and those solutions calculated by equations exist because of limited internal computation accuracy. The error is depends on effective digits of data and antenna spacing (distance between transmitting antenna and receiving antenna). The relationship of inverted T-shaped antenna array and L-shaped antenna array is shown in Figure 3 and Figure 4 respectively. The data in this paper are expressed below. (1) The Unit of distance is meter. (2) The permissible error between the simulation results and the position coordinates of target should be less than 0.05 m. (3) The Detection Range "N" is defined as the ability to detect the target within the range (x±N, y±N,  z±N) within the range of permissible error.
From the results of simulation showed by Figure 3 and Figure 4 , some conclusion can be made.
(1) The detection range can be improved significantly by increasing the effective digits when the distance of antennas is invariable. That's because the precision of computation increases along with effective digits increasing, and the error between the coordinates of target and the calculating solution is reduced. (2) The detection range can be improved by increase antenna spacing while the number of effective digits is invariable. Nevertheless, it is not significantly contribute to the expansion of the detection range by increase the antenna spacing when the number of effective digits is high. That's because the higher angular resolution comes from the greater antenna spacing,. Thus, the detection range can be expanded with increasing the antenna spacing only within a certain scale. However, the influence factor of effective digits to the detection range is greater than that of the antenna spacing. Therefore, increasing the antenna spacing dose not expand the detection range significantly when the number of effective digits is high. We can reveals that the detection range with the L-shaped antenna array is significantly greater than that with the inverted T-shaped antenna array when the number of effective digits or antenna spacing are the same through comparative analysis of results in Figure 3 and Figure 4 . This is due to the fact that the L-shaped antenna array consists of two ellipsoid equations and one spherical equation while the inverted T-shaped antenna array consists of three ellipsoid equations. An ellipsoid equation contains a large number of divisions besides secondary operations, but spherical equation only contains secondary operations. So the required number for the computation of spherical equation is fewer than that of the ellipsoid equation. Therefore, the detection range of the L-shaped is significantly greater than that of the inverted T-shaped when the number of effective digits or antenna spacing is same.
Discussion and Conclusions
Depends on the simulation and analysis, we conclude that the number of effective digits required of the L-shaped antenna array are fewer than those required of the inverted T-shaped antenna array when the requirements of detection range are satisfied. Therefore, computational effort can be reduced and computational speed can be improved using the L-shaped antenna array.
From the perspective of hardware, (1) the transmitting antenna of the triangular cone-shaped antenna array is suspended for detection while antenna array is set up, thereby generating great attenuation of energy. Also the volume of this kind of antenna array is big and it is not convenient to storage and carry. (2) The transceiver antenna can provide the best detection effect because it has little echo attenuation and great energy. So the detection performance of the L-shaped antenna array is better than that of the inverted T-shaped antenna array because the L-shaped antenna array contains a transceiver antenna.
As the factors mentioned above, the following conclusions can be made. The three-channel Lshaped antenna array can locate single target in three-dimensional space. Compared with the triangular cone-shaped and inverted T-shaped array, the L-shaped array is the optimum array structure for three-dimensional localization.
